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I.IMTRODUCTIOir. 

Prol>al)ly no other heat motor has erer reoelTed suoh a rapid 
deTelopment and wide attention hy engineers as the Diesel engine. 
Since Its first appearance atout twenty-one yeeurs ago, the Diesel 
engine has heen l>ullt hy the thousands la the "best factories of 
all Industrial countries, and has heen set up In the most remote 
comers of the woi^d. 

Its success Is due to the fact that It Is the most economical 
and the simplest prime moTer Imown to-day.. It Is the simplest 
hecause^ It Is an engine which converts the heat of the natural 
fuel Into worlc In the cylinder without any previous transforming 
process., men properly constructed the engine has proven to he 
Tezy rellahle ,and the working of It quite safe.. The thermal or 
Indicated efficiency Is as high as ^ per cent, and In some cases 
a hrake efficiency of j§ per cent of the heat value of the fuel 
has heen o))talned. 

Uiailce the development of most heat motors, which have heen 
first constructed and the theory later worked out, the Diesel 
engine was first worked out In theory hy Professor Rudolph Diesel 
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of oermaoy aod later oonstruoted l>y nia In the year 1893^. 

Although the first two engines loullt net with failure, XT* 
Diesel learned Just what he wanted to know, that pure air oould 
he oo]Q>ressed to such a high point that fuel Injeoted into the 
ojllnder would l0&lte. It also proved to xr. Diesel that the 
praotloai possibility of carrying out the oomhustlon processes 
which he had developed so many years hefore,and which the tech- 
nical world had regarded laqposslhle ,wa8 quite apparent. 

The failure of the first two engines, together with the first 
few years of e^qperlMentlng, would hare heen enough to discourage 
any engineer sufficiently to discontinue the work, hut Kr, Diesel 
had such confidence In the correctness of his Bathenatloai de- 
ductions that he lost neither courage nor patience, 

The Diesel Theorsr* 

Mr, Diesel devoted ahout fifteen years of study to the suhject 
of the utilization of heat In gas and oil engines* Starting 
from the proposition that steam, gas, and oil engines were worked 
upon a defective principle , and that no Improvements In them would 
produce hotter results, as long as this principle ohtalned, Hrii; 
Diesel foivulated the theory and conditions he wished to substi- 
tute for them. 

"The relative low heat efficiency of steam engines Is well 
known. T his Is (^lefly traceable to the nature of steam,the 
loss of heat In the holler generation being 20 to 30 per cent. 

The small theoretical heat efficiency of the steam engine due 
to the sensitiveness of steam to changes of temperature, and Its 
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tendenoy to oonaonse against the walls of tue cylinders , vast al- 
so "be taicen Into acoonnt. For these reasons Kr* Diesel was of 
the opinion that this oyole oould not he muoh farther Inproved, 
and that the Inorease of eff lolenoy In power engines most he oh- 
talned hy ohangelng the method of treating the ocnhustlhle. 
▲ greater range of tes^erature In the motor oyllnder was also 
desirable. Slnoe there are physloal limits to this tempera- 
ture In one direction, It must, to glye maximom range, he raised In 
the other, either hy Increasing the pressure or hy cnmhustlon In 
the cylinder Itself." 

"AiTter examining the aethods of work In the oyllnder of an In- 
to mal-comhust Ion engine, Xr* Diesel foxmulated the following 
principles, which should In his opinion, govern such engines to 
ohtaln maximum efficiency:. Els propositions are hased upon the 
pure Oamot Cycle ,whlch many of the Oeman authorities think Is 
hotter realized In the Diesel than In any other heat engine. 
TO construct a motor in which all the heat generated hy comhus- 
tlon shall he converted Into work Is Impossible, hut the Diesel 
approximates more nearly to ideal efficiency than does anything 
ever hefore found practlcahle. As is well known, the heat los- 
ses In a good gas or oil engine are large, and If an atteiqpt he 
made to diminish the loss to the cold walls or to the cooling 
Jacket, an Increased loss to the exhaust Is the result, and no 
practical gain Is ohtalned. It was first proposed to reduce 
these losses hy Isotheimai cumhustlon at constant tei^erature. 
Instead of combustion at constant yolume or pressure* 
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Thle was secmred l»y gradually Introducing a small t^iantlty of 
coBi^ustlDla Into a volume of compressed and hl^pily heated air; 
time securing spontaneous oom'bustlon. The piston Is forced out 
at tHe same tine In such a way tlsat no Increase of tenperature 
takes place,l»ecauce tne Heat developed Dy each particle of com- 
bustion Is Instantly abscised by the cooling due to expansion. 
Any Improvements In the cycle of work In an Internal-oomhustlon 
engine should, In Diesel's opinion, he carried out In this direc- 
tion.* 

To effect them, he laid down the following fundamental condi- 
tions for oumhustlon: 

I.. "Production of the highest temperature of the aycle,not 
hy and during comi>ustlon,hut hefore and Independently of It, 
entirely hy mechanical compression of the air." 
2?» "Oradual Introduction of a small and carefully regulated 
quantity of finely divided corahustlhle Into the highly comr- 
pressed and heated air, In such a way that no Increase of tem- 
perature takes place during the motor stroke, hut all the 
heat generated Is at once carried off hy the expansion of the 
gases of comhustlon. (The comhustlhie, Mr. Diesel says, may 
he gaseous, liquid, or powdered coal, hut up to now,oll Is the 
principal fuei).*» 

5. "Introduction of a large q,uantlty of air In excess, instead 
of admitting only as much air as Is required to ohtaln proper 
comhustlon of the fuel In the cylinder. " - 

orlgonaiiy he proposed two other conditions, which have heen re 
llngulshed for the present. "The air was to he compressed, first 
ISO thermally, water helng Injected to carxy off the heat, then 
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adlatatlcally ,thU8 eml>odying the Oamot cycle. This method 
Involved such enormous pressure , from 100 io 230 atmo^heres, 
that It was ahandoned,cmd adlahatlc compression only, from 30 
to 9. atmospheres, was adopted. The modification is hased up- 
on a theoretical diagram in which the two extreme points, 
that of the maxium pressure of oomhustlon and that of mini- 
mum pres8ure(exp,ansion to exhaust), are cut off. There is pra- 
tiially no diminution in the area of work, the construction of 
the cylinder is made simpler, and a woriclng instead of an un- 
woricahle cycle is ohtained. 7urther,the second condition for 
oomhustlon was to he carried out in such a manner that no wa- 
ter Jacket was to he req^ilred ,hut it was found that to work 
without a Jacket necessitated much larger dinensions of the 
cylinder, and for practical reasons a water Jacket is now al- 
ways U8ed.*# 

However, the idea of compressing air alone in the cylinder, 
and then injecting fuel Into that air, either in a gaseous or 
liquid state, was not a new one at the date when Kr. Diesel 
took up his work. In 1887 Mr. Dugpld Clarke had huilt in 
Birmlngham,mgland,an engine of the two cycle type in which 
air was sent into the mbtor cylinder, compressed in the com- 
pression space, and a separate pump for compressing gas, for- 
ced gas into the cylinder: this gas ignited as it entered the 
. cylinder, producing a constant-pressure type of engine. 
From a running point of view, the engines were gooa.,hut as he 
could ohtain greater economy with explosions, he did not carry 
the matter further. 



fThe Diesel Oil Engine* 

Engineering (London), Jan. 3, 1900. 
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Mr. Oapltaine also l>ullt axid patentea an engine In 1892 »^um- 
Ing pulTerlzed heavy oil Injected into the coinpressea air in the 
cylinder in a partloular way. Mr. oapltaine oonpressed the air 
to 12 atBospaieres ,wbioli was equal to atearperatiire of 300 degrees 
centigrade. T&e Indicator diagraas also reseoft>led the Diesel 
indicator diagraas. Mr. Oapltaine olained that the working prin- 
ciple of the two engines were the sane, and that there was nothing 
new in Diesel* s patents which were obtained in IB^« A costly 
lawsuit followed in which Diesel claimed that his patents called 
for a coB^resslon pressure atoove the ignition point of the in- 
jected fuel. Before this time the ignition point had heen ob- 
tained after the coiaibustion of the fuel. On these grounds Mr. 
Diesel finally won the lawsuit. The conpression pressure for 
the Oapltaine engine was only ahout haaf as great. 

What Mr. Diesel claimed as new in his patents.# 

I.*The process of converting the heat energy of fuel into 
woric, consisting in first coapressing air, or a mixture of air 
and neutral gas or vapor, to a degree producing a temperature 
tfbove the ignition point of the fuel to he consuaedUhen grad- 
ually Introducing the fuel for comhustlon into the coiq>ressed 
air while expanding against resistance sufficiently to prevent 
no essential Increase of temperature and pressure; then dis- 
continuing the supply of the fuel and further expanding with- 
out transfer of heat. 

# Trom Patent Records. 
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2* *ln an Internal-oonibUBtlon engine, the oonDlnatlon wltn the 
cylinder and piston, of a Talved suction Inlet for air, or a mix- 
ture of air or neutral gas* a valre fuel feed constructed to 
gradually discharge the fuel into the cylinder, and aeans In 
operatlye connection with the feed valre for opening the sane 
at the ooBBBenoeaent of the working stroke of the piston and 
for closing the same at a predetemlned part of the stroke 
3i. *ln an internal-comljustion engine of the character speci- 
fied, the comhlnation of a combustion cylinder providing 
means for gradually introducing fuel therln up to the point 
of cut-off ,a compressor connected with the later and with the 
cylinder, and an expansion chamber for the exhaust gases* ■ 

The Diesel Qycle 

*Bieseli*8 original diagram more or less closely resemibled 
71gure i«in which O-I is Isothermal compression, effected hy 
comhlned mechanical compression and thermal cooling; 1-2 is 
adiahatlc compression; 2-3 is iso thermal expansion produced 
hy comhustlon,and 3tO is adiahatio expansion. *# 

. Ftf. / 

/^\^^\^ 

#"Xhe new Diesel Oil Bngln«" 
inglneer ( London ), Kay 30, I90^'. 
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It was found that tula cycle ,wliloh Is the same as the Oamot 
cycle »could not actually te carried out In a heat engine; so Mr. 
Blesel revised the cycle Into one which could actually he carried 
out. This oycie drawn to p-T coordinates Is shown In figure 2, 
In which O-I Is adlahatlc compression; 1-2 constant pressure ez- 
pazLslon produced hy coiaibustlon; a-^-j; adlahatlc expansion, and yrO 
heat rejected to cold hody or exhaust at constant volume. 



/ , 2 




Proposed Ooapound Xnglne.# 
"To carry out the principles previously worked out, Mr. Diesel 
proposed a four (^cle process, divided "between three vertical cy- 
linders »slde hy side, the two outer helng motor and comhustlon cy- 
linders, and the Inner for compression, expansion, and exhaust. 
The three cylinders are connected to each other, and to a reser- 
voir of compressed air." 

# from "The Diesel Oil Engine*. . .B.Domcln 
Engineer London, Oct. I54I897. 
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The Botor plunger craiUcs are set at an angle of 180 degrees to 
the oranic of the central cylinder, and all three pistons wort down- 
wsurds on to the cranks. Air Is first dvawn Into the central cy- 
linder, slightly compressed, and sent on to the recelrer. The twoo 
plunger pistons then draw It Into the motor cylinders at the top 
during the first down stroke, and compress it farther In the sec- 
ond up stroke to the requisite pressure and temperature. 
During the next down stroke ( 5;)) the codbustil)le is gradually in- 
troduced at the top, and hums as the piston moves out or descends. 
When the piston has mored through ahout one quarter of the stroke, 
the supp]iy of comhustihle is out off , and the air and gases of oomr- 
Dust ion continue to expand* At the end of a stroke a ralve at 
the top of hoth cylinders opens communication with the central cy- 
linder. The next up stroke (%) of the motor pistons forces the 
air and gases, still at a considerable pressure, into it; the cen- 
tral piston is driven down, and the air heneath it coiapressed. 
In the return stroke of this central piston the exhaust valve at 
the top of the cylinder opens axid the products are discharged in- 
to the atmosphere. The whole process is thus accomplished in 
two revolutions for the three pistons, or four strokes, and the oy- 
cle is similar to that carried out in intemal-comhustion engines, 
^sr using two motor cylinders in the manner desorihed Mr* Diesel 
showed that a working stroke is ohtained at each revolution. " 
This engine seems never to have heen constructed. 

The advantages of this motor are many. The heat is genera- 
ted in the cylinder so that there are no losses due to passages, 
and the gases do not condense like steam. On the other hand the 
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meohanloal efficiency oust De lower due to the hlga. oonpresslon, 
"but many critics maintain tbat It woiad De so small as to out- 
welgji all other advantages of the new engine* 

Woriclng Diagram of the Two and Voxir Stroke Cycle Znglne. 

On page lit figure 3, Is a diagram showing the position for 
each Important erent of the four-stroke cyole^ and Figure 4, 
shows the same events for the two-stroke cycle, A compsurlson 
of the two and four stroke cycles may he hest ohtalned hy study- 
ing the diagrams. # 

Indicator Diagrams for Single-Acting Diesel Engine. 

on page 12, are shown the diagrams of the two and four-stroke 
cycle Diesel engine. figure 3 > shows the diagram for the four^ 
stroke cycle, In which O-I Is Intake; 1-2 coi^presslon; 2-3; work- 
ing stroke ;cmd 3^0 exhaust, Figure 6, shows the diagram for the 
two stroke cycle, In which O-I Is scavenlng;I-2 coii9res8lon;2-3 
working stroke; and 3-0 exhaust. In comparing the two diagrams 
It Is seen that the only principle difference Is the point of 
the diagram representing the exhaust. Tor the four-stroke dia- 
gram the point Is rounded, while for the two-stroke the point Is 
vezy sharp. 

^Diagrams taken from "The Diesel oil Engine* 
By Rudolph Diesel 

Institute of Mechanical Eng.Harch 19,1912, 
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Working Diagrams of Slngle-aotlng Diesel Engine « 



Plgare 3#- Four-stroke Cycle. 



First Cyole Second Cycle Third Cycle Fourth Cycle 
Intake Compression Working Stroke Exhaust 







Figure 4.- Two-stroke Cycle. 

Second Cycle 



First Cycle 





Scavenging Compression Working iJtroke Ex^^aust 






mi 



Inlet of Compression Combustion Expulsion of 
pure air of pure air and Gases of Com- 

Szpansion bust Ion 
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Indicator Diagrams of Four-stroke Cycle Engine* 



0- I Instroke 

1- 2 Compression 

2- 3 Working stroke 

3- Exhaust 




Indicator Diagrams of Jpwor-stroke Cycle Engine. 



0- I Scavenging 

1- 2 Compression 

2- 3 Working stroke 

3- Exhaust 
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HISTORICAL SDlOIARY.j? 
POUR-STROKE CYCLE ENGINE. 

"The first vertical stationary Diesel engine, shown In fi- 
gure 7>wa8 constructed In the year 1893. It had the piston 
fitted with a piston-rod and an external cross-head; the cy- 
linder had no water Jacket; the caa-shaft was arranged very 
low, and the valves were actuated hy long rods. The starting 
storage chanher consisted of a wrought-lron pipe with riveted 
flanges, and there was no air supply pump, the fuel helng In- 
jected directly. Mr. Diesel never succeeded In running this 
engine, not even one revolution. The engine was run by me^ 
chanlcal power and at the first Injection of fuel a terrific 
explosion occurred, and the Indicator went to pieces nearly 
iclUlng xr, Diesel. • 

Xr. Diesel then hullt his second engine In l895-*96. It 
had a hase similar to that shown hefore,hut It had a water 
Jacket, and the cam-shaft was placed higher up. "The most Im- 
portant difference was In the air-supply pump for the Injec- 
tion of fuel." The air pump was single acting, hut the pre- 
vious air pump was of a vertical compound type. 'The second 
engine was also a source of danger and would not run;l>ut It 

ran a few revolutions, Just enough to give the first Indicator 
I* 

cards. Even thou^ these engines would not run, they proved 

to Mr. Diesel the posslhillty of C8u:xylng out the combustion 

he had theoretically developed years before. 

# The figures shown with their descriptions were taken from 
^he Present Status of the Diesel Oil Engine in Europe," 
hy Rudolph Diesel. 
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*^Tlie first rellaDle Diesel engine, figure 8, of 18 borse power 
was finished In 1897 at iAigsDurg, after al>out four years of lab- 
orious experimenting." It was a vertical engine haarlng the pis- 
ton oonnected to an external cross-head and worked on the four 
stroke cycle*-; This type was for ahout ten years the exclusive 
and almost the stereotyped pattern for all Diesel engines , which 
were i)Ullt In various countries, "In the following year, 1898, 
the first slngle-(^ilnder engine of ZO to 25; horse power was 
hunt at the Aushurg works* * This engine had almost all the 
characteristic details of the experimental engine mentioned, the 
only difference helng that the experimental engine had the cy- 
llxHer connected to the hase hy an Inclined column In front, 
while the latter pattern had the A-frame which Hr. Diesel employ- 
ed on his first engine. The engine had still the external cro- 
ss-head and guides. The petroleum-punp was actuated by the cam 
shaft m the exactly the same way, and was driven In hoth cases 
hy rocking beams from the cross-head. This engine was the flr*- 
st commercial Diesel engine built . 

The first public appearance of the Diesel Oil engine was at 
the ifunlch Exhibition In 1898, when the following German firms 
«dilblted engines. The Machine 7abrlk Augsburg, showed a 30 
brake horse-power single cylinder oil englner driving a piunp, 
Crupp, of Bssen, exhibited a 35 brake horse-power engine working 
a rotary pump; The Haechmenbau Gesellschaft Vumberg a 20 brake 
horse-power engine; and the Gas Hotoren fabrlk Deutz, showed a 
20 brake horse-power wiglne. All the engines were of the sin- 
gle cylinder type. 
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The first two-cylinder engine of 60-76 horse power was made 
In 1899, In which all details of figure 8, are still to he recog- 
nized. "The only alteration, which was made In the year I90I, 
was the ahandonment of the external cross-head and the adoption 
of the tmnlc piston shown In figure 9r A compcurlson of this 
engine with that Illustrated In figure 8 shows that, with the 
exception of the omission of the cross-head , no alterations of 
any importance have been made. "Vertical four-stroke cycle 
engines of from 10 to 239 horse power per cylinder were cons- 
tructed after this pattern, and units up to Z.OOO horse power 
were detained hy combining several cylinders. "Their weight 
was origonally from 6X7 to 771 pounds per horse power, and later 
this was reduced to 3S9 to 661 pounds. "This type of engine 
was used exclusively as a stationaiy plant for various in- 
dustrial purposes. figure 10 shows a two-cyiinder tf.A«N.# 
engine of this type of 290 horse power or 123^ horse power 
per (^llnder, built in 1902." 

A three-cylinder eagine.of the same type was built by sul- 
zer Brothers tOemany , in 1906. The two latter engines were 
altered to drive the petroleum-^ump from the vertical Instead 
of from the horizontal cam-shaft, as was the case in the prev- 
ious engines. The engine built by sulzer Brothers and by Car- 
els have also a rotating stuffing-box for the fuel needle. 



if^ochlnenf obricl: ,Aug8btirg. 
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Fio. 12 400-H.P. Three-Cylinder Diesel Engine built in Russia 
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THIS arrangement was first l)ullt In sveden and foirnd to work 
successfully. ine ^0 horse power three-cycllnder careis en- 
gine, shown In figure 11, was exhlhlted at Liege In 1909^ 
figure 12 shows a Russian, 400 horse power, three-cylinder engine, 
Figure I3^a four-cylinder engine of 600 horse power ,hullt In 
I9II and exhltrlted ast Hllan In I9II. 

It can 1>e seen from the different figures that the engines 
hunt in the various countries still remain almost an exact 
copy of the old experimental engine , figure 8, only In America 
was the design simplified. 

Xn this country tue engines were liullt without cross-heads 
from the heglnnlng,an idea whlch,as already mentioned , was fol- 
lowed hy European firms in the year I9I0, after the American en- 
gines with trunic pistons had proved successful. Ihe Americans 
also hunt from the commencement a closed hase frame, which has 
recently heen adopted hy European high-speed engines. The Am- 
erican engine did not hare the fuel valye in the cylinder head, 
hut they were placed in a chamher cast at the side of the cy- 
linder, which necessitated the fuel-needle heing placed hori- 
zontal hetween the suction and the exhaust valves. 

finally the American, instead of driving the air-supply pump 
direct from the engine, always set it up independently, and drove 
it either hy a small extra engine, or hy an electric motor. 
Aa.1 these alterations were made with the ohject of cheapening 
the manufacture, which is a feature in American practice. 
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Fig. 19 View of Diesel Engine Plant, Pittsfield Electric Company, 

PiTTSFiELD, Mass. 
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High-Speed Tour stroke Oyole Bnglne, 
A8 the central atatlons took up the Diesel engine early, the 
neoesslty tor quicker running engines arose. This need, and the 
iaqprovement in nethods of oonstructlontcaused a gradual intro- 
duction of the quicker running four-stroke oyole engines, with 
speeds froB 300 up to 600 revolutions per nlnute. The naln dif- 
ference In construction as compared with the first type was that 
the hearings of the crank-shaft were connected to the cylinder 
hy means of light steel colunns instead of heavy cast iron A- 
shaped frames, so that the cast iron pedestal of the machine De- 
came a light crank-case, relieved from great strain. S|y this 
means the weight of the engine was reduced to aDout one-fourth 
to one-fifth of the weight of the old types, or ahout mo pounds 
per horse power. Engines of this kind are especially suited 
for driving dynamos ,hlowers, and centrifugal pumps. 

The first of these high-speed four-stroke cycle engines 
made t>y the H.A.ir. had no alterations from the types previous- 
ly descrlhed. ▲ four-stroke cycle high-speed engine made hy 
Xessrs. sulzer Brothers of Germany in the year 1909 ^and the ol- 
der type of engine, differ only in the positions of the air- 
supply pump, which, in the former case, is fitted to one end of 
the engine and driven direct from the crank-shaft. This lat- 
ter kind of engine may De regarded as the final and permanent 
type of the vertical four-stroke cycle engine for stationary 
purposes, Doth for high and low speeds. 
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Horizontal stationary Engines. 

*After Tertioal engines solely had "been used for al>out twel- 
ye years , horizontal four-stroke cycle engines were l>ullt." 
The first horizontal four-stroice cycle engines were practical- 
ly only vertical engines laid on their sides without any change 
In deslgn^hut gradually the designers freed themselves from the 
tradition of the vertical engine and some details were altered 
In such a way that they were suitable for the horizontal posi- 
tion, A type of engine was thus obtained which Is hardly dis- 
tinguished from the horizontal gas engine. 

Engines made by the Swiss Locomotive Work8,Wlnterthur,no 
longer have the Inlet valves placed In the cover, but on the 
side of the cylinder as In the gas engine, and are driven direc- 
tly from the longitudinal cam-shaft. Only the fuel and ex- 
haust valves are left In the cover* These designs were built 
for small plants only. The M.A.V, built such horizontal 
Diesel engines for a very large ^orse power, as double acting 
four-stroke cycle engines with two or four cyolo arranged tan- 
dem. One of the largest engines of this kind, so far, Is a 
double acting, four-stroke cycle tandem twin engine of 1,600 
to 2,000 horse power, or 400 to 5pO horse power per cylinder 
with speed of 150 revolutions per minute. 

Two stroke cycle Engine, 
The Diesel principle Is essentially suitable as a two-stroke 
cycle engine, because the scavenging Is not done with a fuel alr- 
mizture,but with pure air, so that not only untimely Ignition 
but also fuel losses are avoided, and the scavenging can be done 
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more effectually and with almost any quantity of air desired. 

Verging Principle of the Two-stroice Cycle Engine. 

When the piston reaches ahout nine-tenths of Its acting 
stroke, the exhaust valye opens and the pressure falls rapidly. 
Then the alr-lniet yaire, which has a pressure of ahout four 
pounds hehlnd It, admits a current of air which sweeps through 
the cylinder cleaning out the products of oomhustlon,and filling 
the cylinder with air.. The exhaust valve Is then closed and 
the air compressed Into the clearance space, ready for the fuel 
to he Injected. During the fuel lnJectlon,whlch lasts only 
ahout one-fifth of the working stroke, comhustlon tUces place 
fozmlng the working or acting stroke again. The power for a 
two-stroke cycle engine Is practically douhled. 

The first two-stroke cycle engines on the Diesel principle 
were hullt In 1900 and I90I In Geznany and sngland,hut were un- 
successful ,lE>ecaase the design of these engines was too closely 
allied to the two-stroke cycle gas engines, and heoause the con- 
structional arrangements were unsulted to the Diesel engine. 

successful attempts to construct a two-stroke <^ole Diesel 
engine on entirely new lines have heen made within the last few 
years hy Messrs. SttUeer Brothers of Wlnterthur. To-day this 
type of engine Is on equal footing with the four-stroke cycle 
engine. Vor stationary plants of higher horse power the two- 
stroke cycle engine has come Into favor and for marline engines 
it has hecome the standard t3rpe. 
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There are two types of two-strolce cycle engines whlcH hare 
caused considerable conpetitlon. The first fundamental type 
Is the engine made hy Hessrs. dulzer Brothers, Vlgore 26, with 
separate scavenging pmp. The second the Maschlenenfahrlcic, 
Aug8hurg,or M.A.K. engine, figure 27, was hrought out much latei; 

and the scaarenglng puisp, which has an annular piston, Is placed 
underneath each coahustlon cylinder* Both of these e&glnes 
are single-acting. Jk three cylinder 759 horse power Sulzer- 
Dlesel two-stroke cycle engine Is Shown on figure 28, stnd a 
larger engine of the same type Is shown In figure 29* Two 
scavenging pumps are necessary for the latter size. 

DOUBLE-ACT IK6 DISSKL EHGIKE. 
The prohlem of the doUble-actlng Diesel engine was very at- 
tractive, hut the conditions to he dealt with are much more fa- 
vorable than with the douhle-actlng gas engine , because of the 
high pressure. At the present time several doUbie-actlng 
engines have been constructed and found to woric successfully. 
The principal difficulty, the stuffing box,may be regarded as 
solved. figure 23)8hows a double-acting four-stroke cycle 
twin engine of 1800 to 2000 horse power per cylinder with 250 
revolutions per minute, built by Machlenenfabrlck, Augsburg. 

TEE JUNKERS EHGINE. 
In the year 19 1 1 Professor Junker brought out a new engine 
working on the Diesel Principle. This engine works on the 
Diesel c^cle and Is a two-stroke ayole type. Its method of 
operation Is represented In figures 26-30. "The cylinder Is 
open 
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Fig. 25 Double-Acting Four-Stroke Twin Engine of 1800 to 2000 H.P., 
OR 400 TO 500 H.P. per Cylinder, 250 R.P.M., built by Maschinen- 
FABRiK Augsburg 
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at 1>otn ends and contains two pistons whloh are linked wltn a 
three-tlirow crank sHaft, permitting them to move In the oppo- 
site directions. In Figure 26,tiie pistons are shown In tuelr 
Inner dead center, the space hetween them l)elng filled with 
highly heated air as a result of the previous compression 
stroke. In this position the fuel (oil) is Injected in a fine 
spray , igniting and huming under constant pressure during the 
first part of the outward stroke from A to B,of the working 
diagram. Trom B to 0, the expansion of the immed gases takes 
place, and at C, the pistons have reached the positions indi- 
cated 'by Figure 27, in which the front piston 7, is Just hegln- 
nlng to open a series of slots or ports, permitting the humed 
gases to exhaust into the atmosphere* When the position 
shown in Figure 2S, is reached, the equalization of the inter- 
nal pressure with that of the atmosphere is almost completed, 

' Simultaneously the rear piston H uncovers its series of slots. 
This scavenging is continued until the pistons have passed the 
outer dead center, Figure 29, and taken up the piston shown In 
Figure 30, At this instant both rows of slots are closed by 
the pistons traveling toward their inner dead center, a dis- 
tance which is represented by x-F, in the diagram, At the 
point F. the cgrlinder is filled with fresh air cut off from the 
atmosphere. As the pistons approach one another in traveling 
toward the Inner dead center (F-A in the diagram) the contents 
in the cylinder are compressed and heated to a degree such 
that the fuel injected shortly before point A is reached ig- 
nites emd the cjoiB Is repeated . * 
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THe Junlcers' Engine. 
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Junker's Engine • 





Piston and crankshaft Arrangement • 
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"For large worlc the tandem arrangement la usedyWUloli redu- 
ces cost , weight, and space of the engine per unit. On this ar- 
rangement a three-throw oranlc Is used»the two outer pistons l)e- 
Ing llnlced with the central oranlc, and the two Inner ones to the 
side oranlc, which are placed 180 degrees to the former. 
This arrangement Is shown In Figure 31. iEQr this arrangement 
each stroke Is a worlclng stroke. While the pair of pistons 
In one ojrilnder are executing an outward mo7ement( power stroke ) 
the pair In the other cylinder are traveling toward each other, 
(compression stroke). When the piston In one cylinder occu- 
pies the limer-dead center, those of the other cylinder take up 
the outer decul-center positions. In this way^ while fuel In- 
jection Is going on In the one cylinder, scavenging Is going on 
in the other. The scavenging is accomplished in the same way 
as In the single oylinder englne'.# 

Marine Engines. 

*The first marine engine was constructed in 1902-3^ in France , 
for use on the canal boats.* This engine had, like the Jtmkers' 
engine already mentioned, two pistons working in oppositite dir- 
ections in one cylinder. The f ly-wheel shaft was not at one 
end of the oy Under as in the Junkers* engine, hut traversed a 
cooled chamher passing through the comhustion chamber • The en- 
gine woiked on a four-stroke cycle. A great feature of the en 
glne was the high speed which was made possible Ify the perfect 
balance. This engine worked quite satisfactorily. Other en- 
gines of various sizes were built for some French submarines. 



#From *aeiman Progress in large oil Engines.* 
"By F.B. Junge, Power Oct. 22, I9I2. 
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Slnoe 1903 the evolution of the Marine Diesel engine has stea- 
dily continued. The high-speed four-stroice cycle before men- 
tioned, which were hullt for electric power stations, were made 
use of. They were made lighter than before, and used on French 
submarines and Russian river vessels. These engines origonal— 
ly were not reversible; but they were used for generating elec- 
tricity by means of which, the propellers were driven indirect- 
ly for maneuvering. In some cases, the propulsion of the vessel 
was performed directly by the engine, while the maneuvering and 
slow driving were done by means of electricity. 

"The first reversible marine two-stroke Diesel engine, shown 
in Figure 30, was built in 1903 by Messrs. Sulzer Brothers at 
Wlnterthur* At that time engineers were not g^ilte clear as 
to the importance of the two-strolce cycle prinolpie^and firms 
went on trying for many years to malce the four-stroke cycle 
engine reversible. The first engine of this kind was built 
inii908 by Messrs. Hoble Brothers at St. Petersburg, and was 
fitted to a Hussian submarine. * It was a three <^llnder engine 
of 120 horse power. The engine is shown in Figure 31. 

areat mechanical complications were at first caused by rever- 
sing of the four-stroke cycle engine. This problem has re- 
cently been solved in a much simpler way, in a slx-<^llnder 159 
horse power reversible four-stroke oycle engine of 3$o revo- 
lutions, constructed by the French fiim,Messrs. Deiaunay-Belle- 
vliie,in the year I9II. This engine is fitted with two air 
pumps, of which a spare one is for maneuvering. 
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The revarsl'ble four-stroice ayolB engine is still l9elng ljullt, 
tut It is gradually giving way th the two-stroice cycle engine 
for navigation. 

•Vigore 33, illustrates tne two-stroice marine engine tuilt ty 
Sulzer BrotlierstWhicn is one of the standard types for smaller 
and medium sized marine engines." The engine has six ogrlinders 
worlcing at 300 revolutions per minute, and instead of having the 
scavenging valves fitted on top within the oover,they are pla- 
ced helow in the scavenging air-reservoir. 

Within the last few years several high power marine engines 
have heen huilt. These are mostly of the single acting two- 
strolce or double acting two-stroke type. Figure 35 » shows a 
cylinder unit of looo to 1200 horse power built hy Messrs. 
Carels. These larger engines have only heen constructed 
within the last few years » so they are still in the experimen- 
tal stage. 
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An Idea of the rapid development of the Marine Diesel en- 
gine may tte o'btalned from the tal>le given laelow. These figures 
given are only approximate up to the year I9I2*# Sinoe then 
the development of the marine engine has Deen even muoh grea- 
ter. 

Oil Tanlc Vessels • *30 

Tugs • •••••• 40 

Motor sailing vessels 10 

Merchant vessels, freight, Passenger combined. .^-60 

Fishing Boats .....13 

Submarines (amomg them 17 n.s.Havy Submarines ).I40 

Smaller Warships ,Orulsers ,ounboats ,Eot ^/e 

Small Marine Orafts 20 

Micellaneous. 20 

Total .365-375J 

#7rom "Present Status of the Diesel Engine in Europe* 
by Rudolph Diesel. 
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Fia. 32 30-H.P. Four-Cylinder 600-R.P.M. Four-Stroke Diesel Engine, 

BUILT in 1909 EXPERIMENTALLY AS AN AUTOMOBILE ENGINE 
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AUTOKOBILB EHGINSS. 

THe first Automobile engine was made In the year 1899 for ex- 
perimental, purposes t>y Mr* Diesel, and designed for heary truoica 
Another experimental Miglne was hullt In 1909. Tlgare 32t8hows 
this engine. It Is a four-stro]ce four-oyllnder reversible en- 
gine of 30 horse power and runs at 600 reToiutions per minute. 

The derelopment of the Automohlle engine has not heen so raplu 
as might he expected. The slow progress is mostly due to the 
faot that It Is rather difficult to take care of the auxiliary 
apparatus, such as air coaapressorSyOll pumps and compressed air 
reservoirs. These apparatus together with the engine form 
rather a hulky arrangement* This Is the chief oh^iectlon to 
Diesel Automobile engines. Although the Diesel Automobile en- 
gine Is still in the experimental stage, It does not seem rery 
promising as compared to the simple gasoline engine run on the 
Otto cycle. 

Diesel LocomotlTe. 
The first Diesel-engines locomotlre to be built was turned 
out of the works of Messrs. salzer Brothers, at Wlnterthur,in 
the early part of the year I9I2. It took over tire years to 
construct the lecomotlre. On account of the difficulty In 
starting and ■aneuTerlng,and also on account of the limitation 
of space and weight, the problem of Its construction was very 
difficult and tedious. 

■figure H9 shows the design of this locomotive. * "It Is 
54«3 feet long over the buffers and has two buggies of two ax- 
les each (I-I),and two driving wheels (2-2). The latter are 
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not directly coupled with the engine T>ut Indirectly with the 
blind axle iy) whloh Is lllcewlse the cranic-shaf t of the Diesel 
engine. 

"The Diesel engine Is an ordinary two-strolce cycle engine 
with four cylinders {^i) coupled In pairs under an angle of 90 
degrees. This position gives complete halanolng of the mov- 
ing masses, the first and Important condition when such engines 
are put on a movahle platfom. Between the working ojrllnders 
are placed two scavenging pumps ( '3^1) driven Dy levers from con- 
necting rod. Beyond the engine In the roof of the car Is pla- 
ced the mnffler ( 6)« On the right of the engine stands an 
auxiliary engine (7/). This latter consists of twostroice cy- 
cle cylinders (7-7) coupled to horizontal air pumps (8-6) driven 
hy these cylinders. The cooler for the air compressed hy these 
pumps is indicated at 9* These engines serve to increase the 
power of the main engine when starting, maneuvering, and going up 
hill, in such a way that auxiliary compressed air and auxiliary 
o ill fuel are conducted into the main <Qrllttaer,'by whloh means 
the diagram is enlarged , making the engine as elastic as a steam 
engine. For the current running of the locomotive the main 
cylinder works like the ordinaiy Diesel Migines without the help 
of the auxiliary. To the right of the engine is placed a hat- 
tezy of air cylinders ( 10), which help the action of the aux- 
lUaiy engine and which can be refilled by the auxlllazy engine 
at times when the latter is not used. 
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The two piuDps (II-I2) provide for the water circulation in 
the cylinder jackets, i^paratus for the i:>ao): cooling of the 
water "by evaporation Is Indicated at 13, and at I4 the tank for 
water and fuel. A small donkey holler at 15I8 for heating the 
train. The channels 16, under the roof, lead the fresh air to 
the suction pipe of the different motor and pump cylinders. 
The Whole plant Is contained In a closed engine room, which makes 
the locomotive look from the exterior like a steel car*" 

"The engineer can operate equally well either end of the lo- 
comotive, as the engine Is arranged to run In hoth directions. 

The total weight of the locomotive In service Is 83 tons. 
Figure 30, gives the details of the car construction."" 

Trials have heen made of this locomotive. The speed varied 
from 12 to 60 miles per hour. The change over from air to oil- 
fuel was accomplished satisfactorily without any trouble, at a 
speed of ahout 6 miles per hour, and the reversing arrangements 
proved equally successful. 

The success of the Diesel locomotive can only he proved 
after a few years of actual service. The steam engine Is so 
well adapted for locomotives that It Is heirdly possible that the 
Diesel locomotive will ever replace It. 
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THE HDUSTRIAL UfPORTANOE 07 THE DIESEL BVOIBE. 

The fact that the Diesel engine can burn almost any iclnd of 
fuel Is a great benefit to fflanklnd. It has made use of the vast 
quantities of crude olis,whlch had practically been worthless, 
or ^t least had not been made use of until the Diesel engine made 
Its appearance. The Diesel engine has become for all liquid 
fuels what the steam engine and gas engine are for ooai. 
With the utilization of the crude oils It has practically dou- 
bled the resources of fuel for power production. 

The utilization of the crude oils for power product Ion, has 
Influenced the yeiy rapid growth of the oil Industry. Vew oil 
fields are constantly being opened up. Recent geological re- 
searchers hare not only proyen that there Is more liquid fuel 
on the globe than coal, but that It Is more conveniently dis- 
tributed with regard to geographical positions. The rapid de- 
mand for crude oils within the last few years has caused a ra- 
pid Increase In their price. This, however ,1s not due to 
scarcity of oils In the market, but to the fact that the oil In- 
dustry Is controlled and owned by only a few men who set the 
prices. 

k6 tar and tar-olls are from three to five times better uti- 
lized In the Diesel engine than coal In the steam engine, a much 
better and more economical utilization of coal Is obtained If, 
Instead of being burned under boilers on grates In a wasteful 
way, It Is first transformed Into colce and tar by distillation. 
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ine ooice can De used for heating ana netallurgioal purposes, 
and from the tarry distillate raluable hy-produets can be ex- 
tracted, before the tar Is burned In the Slesel engine. This 
method of utAllzlng ooal is malclng a ra|>ld progress In suropean 
countries. The Diesel engine also bums vegetable oils very 
successfully. This may not have any Importance at the present 
time, or at least not In oil and coal producing countries, but It 
may be of Importance In the future. Vrance at one time thought 

of tesitlng the application to power production of the earth- 
nut, which grows In considerable quantities In their African 
colonies, and which can be easily cultivated there. In this 
itay the colonies could be su^pplled with power from their own re- 
sources , without being compelled to buy and Import coal or 11- 
q:uld fuel. Tihe earth-nut oil has been found to work very suc- 
cessfully, and It Is found to be nearly as effective as mineral 
oils. 

Experiments have also been carried on In Russia using castor 
oil and animal oils as fuel, and excellent results have been ob- 
tained. 
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7USL8 FOR THE DIBSBL EVQINSS. 

Although the Diesel engine was originally designed to hum 
coal, only fuel-oil has heen principally used up to the present 
time. Vearly all kinds of mineral »7egetahle, and animal oils 
can he humed successfully In the Diesel engine. Professor 
Cottstaln,at the Swiss Testing Lahortory, which Is located at the 
university of Zurich, has undertalcen the examination of the 
qualities and composition of all liquid fuels which can he used 
for Diesel engines. Bis Investigations Include the following 
points :# 

I. Physical proper ties, such as: 
(a) Properties when cold, 
(h) properties on heatlng(holllng'-analysl8 ). 
2;Chemlcal properties , such as: 
(a) Chemical constituents, 
(h) percentage of water and ash. 
(c) Calorific power. 
7rom tests and examinations already made, power oils have 
heen divided Into the following three classes: 
I. Nomal oils which can always he used: 

(a) Mineral oils freed from henzlneCgas oils) 

(1) Hydrogen over lO percent. 

(2) Calorific power over 18,000 B.t.u's.per ITd. 

(3) No solid Impurities, 
(h ) Lignite tar oils. 

( 1 ) Hydrogen over 10 percent . 

(2) Calorific power over I7,M^0 B.t.u's per Ih. 

# Taken from "The Diesel oil Engine" Rudolph Diesel ^ 
Institute of Mech England ,Mch. ,1912^. Digitized by vjOOg 
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(C) 7at oils from vegetaDle or animal sources, such as 
earth-nut oH,fl8h oils, ect. 

Data for reasearches lacking. 
2. Oils which can he used only with the aid of special ap- 
paratus : 

(a) Pit coal-tar oil. 

(h) Vert lcal-07en, water gas and oll-gas tars,prohah- 

ly also colce oven tars, 
(c) General Characteristics t 

Hydrogen not over 3 percent. 

Amount of free cart>on not over 3 per cent. 

Residue on coking not over 3 per cent. 

calorific power not under I5,H^0 B.t.u's per lu 
3; Oils which cannot he used: 

Tars from horizontal or Inclined retorts. 

It must not he understood that these oils will 

not he used in Diesel engines under special 

conditions. 
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OPEBATIOH 07 THE DIESEL EN6IKE. 

Starting of the Diesel engine. 
Various methods have been proposed for the starting of the 
Diesel engine, but up tp the present time compressed air has 
Chiefly teen used. Electricity has also been used and found 
to work successfully , but It Is not so much used as compressed 
air* The compressed air Is obtained by any ordlnaiy air com- 
pressor, which can be either directly connected to the Diesel en- 
gine or run separately by an auxlllaxy engine. Storage tanlcs 
are used for the storage of the compressed air and are directly 
connected to the air compressors and also to the cylinder of 
the engine. Various methods have been adopted for admitting 
air to the engines and cutting It off after It has done Its 
duty. In practically all cases special mechanically operated 
air admission ralves etre fitted In the cylinder cover. 
These can be put Into or out of action as required » by means 
which are more or less simple. In some cases the operating 
gear Is Interlocked with that of the fuel admission valve, so that 
only one can be operated at a time, and a single lever only Is 
required. In one case the two are separated Independently, 
so that compressed air can be used for a short time simultan- 
eously with the fuel In order to give a temporary Increase 
In power. Some arrangements are also made for shutting the air 
off from only half of the cylinders at a time so as to ensure 
that half shall have taken up the work of the oil before the 
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air Is completely shut off. There are so many of these star- 
ting devices which differ principally In the mechanical con- 
struction that only one will he described. In Plgure 51, Is 
shown the salzer starting gear used for Marine Engines. 

"In this arrangement, the movement of the starting lever A 
to the left, turns the eccentric sheave B on the cam-shaft, so 
that the nose of the cam will come Into contact with the rol- 
ler on the rocicer S of the staartlng valve and set the engine In 
position for running ahead. At the same time the disc s is 
rotated and depresses a roller on a spring controlled rod which 
through a trip gear opens the air admission valve on the pipe, 
so that the engine starts on air. then fairly under way, the 
lever A Is pushed further over Into the running position; the 
trip gear comes lato action and allows the spring rod to fall 
again and close the air valve, and pushes the nose^O out of reach 
of the starting valve rocicer,and at the same time allows the 
suction valve of the fuel pump to operate, so that the engine 
starts on oil. Movement of the lever A to the right, hrlngs 
the nose 7 of the cam Into contact with the rocker D,and the 
same sequence of events puts the engine running In the opposl- 
tlte direction.* 

This douhle eccentric cam, shown In Plgure 51, has heen ab- 
andoned hy sulzer Brothers within the last year, and they have 
adopted a new plan, "The plan Is to mount rockers of the 
fuel and alr-startlng valves on a common shaft, hut not on a com- 
mon center. Thus, a rotation of the shaft by means of a le- 
ver on the starting platfom lifts the pivot of one or the ot- 
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Her of the rookers to sucii a point that tne roller at the out- 
er end is carried heyond the reach of the cam, so that the 7al- 
Te becomes lnoperatlTe,the roller Of the other roclcer hecomes 
simultaneously lowered on to the cam. This arrangement takes 
no account of reversing, the position of the rockers Delng the 
same for ahead and astem^hut it provides a neutral position 
with hoth the rollers clear of the cam, so that the latter may 
he lifted if required for reversing. This arrangement has 
practically hecome standard for all stationary engines. 'li^ 
1 

The starting of the Diesel Marine Engine. " 
Engineer (London) Jan. 10,1913. 
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Starting Gear* 
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Pig.51 . Sulzer Starting Gear. 
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RXVERSIVO THE DIKSEL EHGIBIB, 

A6 there are rery few four-stroice reversible engines Dnllt, 
only the reversing of the two-stroke cycle will be explained. 
■"It will perhaps facilitate the description of the mechanical 
operation If the various valve openings and closings, which 
require to he manlpnlatsd before an engine of this tjvo can 
be reversed, are first explained* 

*The exhaust Is governed both as to Its opening and closing, 
by the passage of the piston Itself over ports In the cylinder 
walls, the crank position at the moment of opening being rep- 
resented by the point B In 71gure 5S,for an engine running In 
the direction Indicated by the full line arrow. The port op- 
ening extends around to the point B, and Is equal on each side 
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valve Diagram 



Plgure53' 



of the center line AB,that Is, It Is correct for either direc- 
tion, and so need not be further considered. There remain then 

m 

the fuel valve and scavenging air valves. The crank position 
at the moment of opening of the fuel valve Is represented by 
7 In Figure 52, the opening extending around to 7,whlle 8-s are 
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tHe corresponding positions In connection with the scavenging 
air valve* The diagram shows that each of these valves has a 
certain "lead-angle* of opening, represented In case of the fuel 
valve hy V,aBd It can he seen that before the engine Is In a 
condition to ran In the reverse direction, It will he necessary 
to reverse these *lead--angles * and place then on the opposl- 
tlte side of the center line AB. Sven though these "lead- 
angles*, and also the duration of the opening, are of q^lte dif- 
ferent magnitude In these two valves, this reversal is effected 
In the following manner hy a single dog-clutch, which has a cer- 
tain amount of play between the driver and the driving face, 
coupled on the vertical driving shaft. It will he seen from 
the diagram that the total angle of opening fti of the fuel val- 
ve Is made up of twice the lead angle fi.,whlle the total angle 
of opening of the scavenging valve Is made up of twice the 
lead angle or plus angle, so that we have the latter angle s. 
common to hotn. It will further he seen that If this angle 
fi. Is bisected by the line OD,the angles & and ];^,and equally 
the angle fi.,lle symmetrically about CD« Provided then that 
fuel and scavenging valve cams are arranged symmetrically 
about the line 0]),wlth the length of the nose of each suitable 
to the respective periods of opening P-F,and 8-8, it follows 
that the actual alteration of the position of the cam-shaft 
In relation to that of the cranlc-shaft necessary to place both 
valves In proper relationship to the latter to give reversal, 
can be obtained by a single movement of the cam-shaft through 
the asigle The diagram in Figure 33, shows the full lines 
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for ahead, and the dotted lines for astern, the respect Its open- 
ings of the two raives when rarled lay the Borenent of the cam- 
shaft through this angle 

GOVEiariirG diesel bngihe. 
The fuel Is punped Into the casing of the fuel valre hy means 
of an ordinary plunger pump, the quantity pumped being regulated 
hy the goremor* If the load on the engine Is Increased , the 
speed will fall slightly and the goremor weights will then moTe 
outward 8, In so dolng,hy means of a llnic mechanism, the fuel pump 
Is caused to dellrer an Increased quantity of oil to the cy- 
linder, thus glTlng more power to meet the load. If the load Is 
reduced, the engine speed Increases, the governor weights open 
out, and the quantity of oil de>ll7ered hy the fuel pump Is re- 
duced. The duty of the mechanism of the goTemor Is to hold 
up the suction raire of the fuel pump for a greater or less por- 
tion of the dellTery stroke. ab long as the suotlon TalTe Is 
held up ,Bo oil Is dellTered to the fuel valre caslng,hut Is 
delivered hack Into the suction of the pump. men the suc- 
tion valve is allowed to seat Itself , the remainder of the oil 
contained In the pump harrel Is discharged Into the fuel valve 
casing and Is ultimately hlown Into the working cylinders. 

some makers of the Diesel engines use one fuel pump for each 
cylinder, and others use one pump for all cylinders. Where a 
# "Some Impressions of Oontlnental Marine Diesel Engine Prac^ 
tlce.» 

Engineer (london) Dec. I^, 191 1* 
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fuel pump Is used for eacn (grllnder^they are oomblned in one cae 
Ing and operated l)y tne sane eccentric on the cam-snaf t ,and the 
fuel dellTered to each of the cylinders is controlled hy the 
sane goyemor. Where one puap Is used for the engine a dis- 
trlhutlon box is used, into which the oil is pumped and distri- 
tuted for each cylinder. The difficulty with this arrangeaent 
is that each cylinder does not get the same amount of oil and, 
there fore, cannot do the same amount of wor]c;also if the outlets 
are so adjusted that at one particular load the cylinders are 
doing an egual quantity of work each,this proportion will he 
upset if the load changes. 

iaiOMlZATIOH OF FUEL. 
The success of the Diesel engine depends a great deal on the 
proper distrihution of the fuel in the comhustion chamher of 
the cylinder. Ai typical atomizer or distrihuter used on su- 
ropean engines is shown in Figure 33. "A series of plates 
arranged Just helow space 8, around the injection valve guide 
£,are provided with small holes in such a way that they strad- 
dle each other from plate to plate. These plates help to re- 
tain the oil after having heen deposited in space 8>while the 
holes will equally dlstrihute it and mechcuilcally divide the 
l>last of injection air into small streams, thus disintegrating 
the fuel passing donn through them. IQr means of passage 
arranged in the circumference of plug l, these streams are di- 
rected into the Injection nozzle ]|L»where they acquire their 
■azimum velocity. 
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The resistance of thB ell against the ahrupt acceleration 
thus produced causes the oil to he disintegrated Into small 
particles, which are carried directly Into the hody of highly 
heated air In the conhustlon chafflher.''# 

On the laerlcan Diesel engine a horizontal atonlzer Is used. 
These are arra&ged horizontally on the side of the comhustlon 
chaaher. Ovlng to this horizontal position particular care 
nust he taken to dlstrlhute the oil equally around the clr- 
cmf erence of the Injection valye, A sectional Tlew of the 
aioalzer Is shown In Vigors 5!^. "Oil and Injection air cone 
together In space s^the oil entering along passage fi.,and annu- 
lar ring space £,through a ring of holes As the Injection 
▼alve n opens, air and oll,helng divided Into small streams hy 
a circle of holes £,are forced Into the Injection nozzle 
where these streams Impinge upon each other, thus atomizing 
the fuel.''# 

LUBRICATIOV. 

for luhrlcatlng the cylinders, special small oil pumps are 
provided. The oil Is Injected on the piston when It Is at the 
hottom of the strolce. for hearings, connecting rods, etc. , for- 
ced luhrlcatlon Is generally used. The pump for the forced 
lubrication Is drlTen direct from the shaft, and may he a pis- 
ton or cog wheel pump* The engines fitted with forced luh- 
rlcatlon are totally enclosed, the dripping oil helng gathered 
In the hed plate and sucked up again hy the pump, after having 
passed through filters and .coolers. 

# from 'Oil Bnglnes,"hy H.R.setz. 
Mechanical Engineer. Oct. 27,1911. 
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Fig. 33 Buropean Atomiser. 



injection aih^ 




Section B-B* 



PlG.54,AMBRrCAH ATOMIZBR.. 
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Oil holes are "bored In the shaft and connecting rods, which 
take the oil from the hearings up to the respective orosshead 
pins and other places where luhrication is required* 

OOOLBTG. 

The cylinders are always cooled, and also the pistons when 
at)oye a certain size. The water is generally led to the eng- 
ine hy gravity and only under a small head. Vor piston cool- 
ing several solutions are possible* In most cases a telesco- 
pic arrangement is provided. The disadvantage of this solu- 
tion is the necessity of providing a stuff ing-hox to prevent 
leaking water from getting into the hed plate and mixing 
with the luhricating oil. In other devices Joints are made 
use of. These are suhject to similar disadvantages. A sim- 
ple arrangement is that in which the water does not entirely 
fill the cooling space of the piston, the water heing only 
squirted against the highly heated surfaces and drained off 
through a pipe which surrounds the spray pipe. By this method 
the stuff ing-hox is done away with, and all additional pressur- 
es and strains are eliminated. some firms use oil for piston 
cooling, which may have some advantages , hut which, on the other 
hand, has the disadvantage of a smaller cooling effect owing 
to the smaller heat and the mailer coefficient of transmiss- 
ion of this liquid. 

The exhaust valves for smaller engines are not cooled. 
Some firms use no cooling devices for larger engines , while 
others have the larger exhaust valves water cooled. 
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8CAVEHGIHG. 

Por the two-8trolce cycle engine the exhaust valve is dispen- 
sed with. The piston at the end of Its outwcurd or downward 
stroke uncovers slots arranged in the cylinder walls through 
which the humt gases escape from the cylinder. Sy means of 
a cqpecial scavenging pump an air pressure of about four pounds 
per square Inch is produced. This lightly compressed air 
enters the cylinder through a valve arranged in the cylinder 
cover, drives the humt gases out of the cylinder, and fills the 
latter again with a new charge of air as soon as the piston in 
its upward motion covers the slots. The air valve heing clo- 
sed, the air is compressed in the compression chamber. The 
whole process of driving out the gases and refilling the cy- 
linder takes place within a very short time at the end of the 
outward or downward stroke of the piston. The ordinary leng- 
th of the siots is about one-fifth of the stroke. The disa- 
dvantage of this system is the weakening effect on the cylinder 
produced by placing the scavenging valve in the cylinder cover. 

To overcome this, some manufactures use half of the exhaust 
ports on one side of the cylinder for scavenging ports. 

The scavenging air then enters the cylinder through ports on 
one side, driving the burned gases out through the exhaust ports 
on the other side. This system is very simple, but it also has 
its disadvantages . To obtain good scavenging, baffle plates 
are placed on the piston head which destroy the combustion 
chamber for perfect combustion. It also has an equal cooling 
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effect on tue piston head and cylinder walls wnich causes 
great strain and very often rupture. A comislnatlon of these 
two systems Is also used ^hut It Is so ffluch more complicated, 
and has no advantages, so that It has met with very little fa- 
vor, 

PISTON SPEEDS. 

*The different working conditions of the Diesel engines na- 
turally require different types. The piston speed Is general- 
ly between 600 and 1,000 feet per minute, which cannot he redu- 
ced helow a certain limit, as otherwise the slightest leakage 
could prevent the compression attaining the required amount. 

"^The piston speed can, however, he as low as 180 to 200 feet 
per minute for continued service. Per standard slow- speed 
single-acting four-cycle engines the number of revolutions 
lies between 139 and 300 at respective capacities of 1,000 
and 13 horse power. These engines have the best fuel consum- 
ption ,but have also the disadvantage that they are heavy and 
expensive. Por this reason a single-acting multiple cylinder 
high speed four-stroice cycle engine has been designed, which is 
especially suitable for direct coupling to dynamos. The speed 
varies between 220 and 330 revolutions per minute, at units 
varlng between 1,000 horse power and 100 horse power. Por 
very small auxlllaiy engines up tp about 100 horse power the 
speeds range from ^0 to 600 revolutions per minute and even 
higher. " 
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"Single-acting two-strolce engines wltn outputs ranging be- 
tween 700 and 3^000 norse power are carried out with speeds 
of 160 to mo rcTolutlons per minute.* 

• for snip propulsion tnere Is a tendency to use lower speeds 
in order to oDtaln good propeller efflolncy. Speeds ranging 
from 100 to 350 revolutions per minute m£^ \>e taicen as limits 
for sets of several 1,000 horse power down to 100 horse power. "# 

" i^odem Diesel Oil Engines.* hy F. 8chut>eler. 
Mechanical Engineer , July 28,1911. 
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DIB3BL ENGINE COMPAHED WITH STEAM AND GAS ENGINES. 

INDUSTRIAL PLANTS. 
Since the Diesel engine first made Its successful appearance 
in 1897) It has a great field In Industrial plants »and has won 
great favor with European engineers. 

The main advantage of the Diesel engine over steam and gas 
engines may he summed up as follows:# 

I. "Its extreme economy In fuel consumption over a wide 
range of load, and the entire ahsence of stand-hy losses. 
2; "Its ahlllty to use a safe, cheap, compact form of fuel, 
In shape of high flash-point residual olls,ohtalnal)le In 
large quantities all over the world. " 

3. "Its freedom of pre-lgnltlon,due to the fact that air 
only Is compressed and not a mixture, thus eliminating a 
not infrequent cause of hrealcdown In other forms of In- 
ternal combustion engines." 

4, "No carburetors, vaporizers or troublesome Ignition de- 
vices are require i. " 

3* "The engine can he started up when cold and load put 
on In one minute; and Is ready for any load up to Its cap- 
acity at any moment." 

6. "Small floor space as compared to steam plants and gas 
producer plants. 

7. "Lastly , one of the most Important features Is Its great 
reliability, even when running for long periods, with varia- 
ble conditions of load. " 

# Prom "The Application of Diesel Engines to Land and 

Marine Work, "by D.M. Bright , Canadian Engine^ ^^Nj^^.g^^^^^ 
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Plg*-«55-, Heat Distribution of Different Types of Pl«ata% 
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In Figure 33>ls shown the heat utilization for I lb* h.-p-hr« 
In the different prime movers now lmown,and the following table 
gives the thermal efficiencies of different prime movers: 

Steam ^ordinary, as low as 6 per cent; highest » Including 

superheated, etc.»l3 per cent. 

Hot air engine, from 7 to 10 per cent 

Oil engine, ordinary, 16 to 20 per cent. 

Oas engine, 20 to 23 per cent, 

Diesel engine ,30 to per oent. 
It Is rather difficult to give comparative cost of running 
power plants due to the fact that very few manufactures prepare 
and puhllsh their power cost accounts on unlfom hases, except 
In the case of electric-supply stations* In tahle i^are given 
average results obtained from various plants In Great Britain, 
not exceeding 1,000 h.p. ^ 

Tahle I- Average Cost In Cents per B.t.u. Sold.f 



Type of 
Engine 


Fuel 


Lubrication 
01l,wa3te 
Stores & 
Water 


Wages 


Repairs 
Mainte- 
nance 


Total 

Work 

Cost 


Load 
Factor 


Steam 


0.91 


0.12 


0.303 


0.323 


2^.06 


11^77 


oas 


0.87 


0.18 


0.363 


0,483 


2.10 


13.3 


Diesel 


0.1^6 


0.08 


0.384 


0.141 


1.07 


14.3 



Owing to there not being as yet large electricity supply 
stations equipped solely with Diesel engines or gas engines, 
# From "The Diesel Oil Engine* by c. Day. 
Mechanical England ,( London) Sept. 8,I9II* 
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the limit of 1,000 horse power has heen fixed. Vrom the avera- 
ges it is clear that a substantial gain is ohtained hy the ad- 
option of Diesel engines as against either gas or steam engines. 

It is also notioahle that the gain is not only on fuel con- 
sumption but it is practically in the same proportion on the 
other items of expenditure. In man/ cases the Diesel engines 
hare shown over extended periods, a saving of 39 to 60 per cent, 
and some cases an even greater percentage , the result being due 
to the fact that the Diesel engines average working results 
were very much nearer to the guaranteed figures than with gas 
or steam engines , combined with the fact that the relatively 
high cost of woricing at light loads with gas or steam, had not 
been sufficiently taken into account when considering the guar- 
anteed figures. 

Table Il-Average oost in cents per B.t.u. sold, 



on steam Stations of Different Sizes. # 



capacity 

Station 

not 
Exceeding 


Fuel 


Lubrication 

Oil, waste, 
water & 
Stores 


Wages 


Repairs 

ana 
Mainte- 
nance 


Total 


Load 
Factor 


250 K\v. 
500 
750 
1000 

1500 

2000 

3000 

4000 

5000 

7000 
10000 
20000 
50000 


1.27 
1. 13 
.87 
,81 
.85 
.75 
.67 
,81 
.785 
.725 
.525 
.605 
.465 


• 180 
.121 
,101 
,101 
,081 
.081 
.081 
,060 
.060 
,081 
.060 
,060 
.040 


.705 
.5^5 
.465 
.465 
.3^2 

.323 
.303 
.284 
.210 
.263 
.180 
.224 
.202 


.725 
.585 
,485 
.425 
.364 

.423 
.344 
.404 

■M 

.263 
.220 


2.90 
2.38 
1. 91 
1.80 
1.64 
1.57 
1.39 
1.55 
1.29 

1.03 
1. 21 

0.925 


13.2 

13.3 
15.4 

16.8 
16.9 
17.7 
17.4 
18.8 
18.7 
17.9 
22.6 
19.6 
20.5^ 



# From "The Diesel Oil Engine*, by C. Day. 
Mechanical Engineer , ( London ) , sept .,8,1911. ^ 1 
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In Ia1}le II, Is shoim the great Improvement whloh follows 
increase of size with stations, or, expresses in the reverse di- 
rection, it shows how great is the disadvantage of snail stations 
when steam power is used. It is also noted that even with the 
largest steam station, the cost per unit generated, is no better 
than for quite small stations using Diesel engines. This shows 
how cheaply current can he supplied hy snail stations which had 
before only been obtainable by large stations where the demand 
was great* In all oases the figures which have been given do 
not include anything for interest on capital or depreciation, 

Ata there are so many variable factors, it is hardly possible 
to give definite statements showing the cost of constructing 
and equipping power houses of different types. iir, Charles 
Day, of England, has made a considerable number of estimates up 
to a capacity of about 1,000 K^.and he has found that there is 
generally very little difference between the gross capital ex- 
penditure, whether steam, gaSfOr Diesel engines be adopted. 

Table III. -some Comparative Results of steam, Gas, and 
Diesel Bngine Plants, The Results of Which are Compiled by 

]iachenenfabriic,Ausgburg-Veumberg Co. Load Factor 100* 
The plant considered comprised two sets, one of 60013 .h.p. and 
the other of 150 b.h.p.f 



First Cost. 


Diesel 


Steam 


Gas 


«33. 370 


♦32.»^80 


f»f5.200 


cost per B.H.P. 
including Capi- 
tal, Charges & 
depreciation 


$ 0.3'*-8 




f 0.359 



#From "Internal Combustion Engines working on the Diesel 
Principle* by H.L.Howard .Mechanical Engineer »July I4,I9II. 
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Oil at I 9.70 per ton. 

coal at 12.18 per ton. 

Coica at arerage of |2.06 per ton. 
In lal>le v.are figures obtained ty captain sankey^ln compar- 
ing the Diesel engine with other prime movers , having a normal 
load of 200 Drake hprse power •# 

TABLE V. 

Total Annual cost. 



Kon-condenslng steam engine «.#705O. 

Condeating Steam engine |3I40 

over-type superheated engine 14^70 

oas engine with pressure plant |484o 

Oas engine with suction plant ....14900 

Oil engine 131 40 

Diesel engine f4340 



Prom the data ohtalned it is seen that the Diesel engine 
for small and medium sized power plants is the most efficient 
prime mover available. 

KARIITB POWBR PLANTS. 

The advantages of an oil engine for marine woric over the steam 
are many, and the important points may he summed up as follows: 
I » "Space occupied only 60 per cent in comparison with 
steam. " 

2. "Reduction of fuel cost over steam engines.* 

3. "No stand-hy losses; steam I3>2 per cent of fuel consump- 

tion.* 

#"Ta]cen from •Hea/y oil Engines "-Captain sanlcey. 

Engineering, London, May 31,1912. Digitized by GoOgle ^ 
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4. "Vater re<]tilred for cooling, half of that required for con- 
densing purposes." 

5. *Mlnlfflum of labor and time In replenshlng fuel«* 

6. "Practical elimination of firemen and trlmtters ." 

7. Consldera'bie reduced fuel space giving Increased cargo 
space, " 

8. "Welgbt of maoninexy mach less than steam. "# 

RaTlng enumerated the advantages of the Diesel engine, It mi- 
ght toe well to glre some of the disadvantages: 

I* "Diesel engines are dependent upon compressed air to effect 
reversing and starting. " 

2* "An ^ra good toed or sole plate Is required on ship- 
hoard, the Tltoratlon toeing In excess of steam. * 

3.7alrly hl0i rerolutlon engines.* 

4. "Vallure of compressed air supply would cause Inability 

to start or reverse." 
3. "Engines are not generally so easily handled at low speed 
as steam. "# 

Taking all the economies effected In weight of fuel, weight 
of machinery, and engine room space, It may toe safely estimated 
that the extra cargo which could toe carried would toe about 15; 
per cent of the displacement of the vessel. in a comparative 
estimate made, It has toeen shown that a vessel of about 3»ooo 
tons, the net saving between the Diesel engine and steam , worked 
out to toe about |5*500 per annum. 

# Modern Developments In Oil Engine Practice. -toy z.shacicleton. 
Mechanical Engineer, Sept. ,1 ,1911. 
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THe oo8t of the Diesel plant Is found to "be more expensive in 
Installation tnan that of steam. This expense ranges from 13 
to 20 per cent, Including all auxiliaries In both oases. 

Below are glren comparatlTe costs of steam and oil engines, 
which are hased on prices In Europe :# 



STEAM EHQIim. 



IPuel— Coal 



LaDor 



Fuel 



Stand-hy losses. 



1,500 l,h,p, 
times 
IDs. per 
l.h.p. actu- 
als 2,250 
IDs. 



10 Firemen 
Trimmers & 
One Donkey- 
man. 1*24 
per day 
per man: 
12.55 per 
day for 
food. 7 
days per 
weeK : 
♦18.75 
Wages f4-,86 
per week 
each equals 
#53.50 



ZH- tons 2 
cwt.per day 
at #3*^: 
181.80 
#572.00 per 
week. 



Total sum 



#18.75 

53.50 

♦ 644-. 25. 



Assumlmg 20 days 
per annum, 5 tons 
per day, equals 
loo tons, equals 
#341.00 per annum 
say ,#6.60 per week 



# From ncodem Developments In Oil Engine Practice." 
by E. Shackelton tltechanlcal Engineer. Sept.I,I9II. 
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OIL BHOIIB. 



fuel— Oil. 


Labor. Tuel 


3tand-1»y Losses 


1.500 B.h.p. 
1.725 l.h.p. 
1,500 tlaes 
ilD.: 75011)8 
per nour. > 


I Donlcey-man 7 tons 16 
at #4.86 per owt.per day 
weelc. Food at #9 .76 
S.24 per day; per ton: say 
I1.68 per 176.93 per 
weeic:|6.55. day or 

fp^o.cu per 
wee):. 


none 


#538.20 
6.55 

Total— #5VI',75 



CARGO SPACE SA7IN0 COMPARE]). OIL VS. STEAM. 





steam 


oil 


4,000 ton 
vessel 


none 


4^ of 4,000 tons, values, say, at 
|4.86 per ton, per annum , equals 
#7,760.00. 



"Mr. ])avld8on In England has calculated the effect of re- 
placing the steam engine t>y a Diesel engine on the Destroyer, 
Paul Jones, of 400 tons displacement, 8000 l.h.p. engines, as 
follows :# 

Steam oil. 

weight of engines W,000 IDs. -317. 00 lbs 

Weight per b.h.p 64 lbs. 44 -lbs. 

Radius of action at lO icnots & 

180 tons of fuel 1700 imots 10,000 knots 

Radius of action at 28 Icnots & 

180 tons of fuel 630 knots 2,950 icnots. 

# From i^he Present Status of the Diesel Engine , •a)y 
Rudolph Diesel. 
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Steam Oil. 

JUBl per "b.h.p. — hr, at 20 icnotB. .2»34 V>b 0.5 lbs 

Biglneers and stokers 54 81 

Pael consumption In 1 yr. (20,000 

marine miles) 2,100 tons 360 tons 

Oost of fuel #3*840 |924. 

Cost of englne-orew lal>or 4,500 fl,920 

Cost of repairs 2,000 400. 

As to wear and tear, the Diesel engine may "be sllgtitly higher 
than the steam engine, hut as It Is inposslhle to have steam en- 
gines without hollers, and as the latter put up the repair con- 
slderahle,the oil engine Is In the long run, considerably under 
steam In repair costs* Accidents caused hy hurst air reser- 
voirs are extremely rare, and It must he recognized , that whether 
the motlre power he steam, gas, or oil, accidents In one form or 
another will occur, and under all ordinary conditions there Is 
far less rlslc In explosion than with steam engines and hollers. 
The life of the Diesel plant Is ahout the same as that of the 
steam plant. By studying the various engines, It is seen that 
the Diesel Is the most economical prime mover ohtalnahle,and 
under most conditions, except for very large plants, It Is Im- 
posslhle for the steam and gas engines to compete with It. 
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THE DIESEL BH6INE IN EUROPE. 

The derelopment of the Diesel engine In Europe , within the 
last few years has heen very Barked, and great strides have 
heen Bade, The unparalled progress of this prise mover, due 
prlBarlly to the expiration of the hasic Diesel patents , crea- 
ted a wave of enthusiaan, which swept over Europe In full-tide 
only a few years ago. 

The larger Diesel engine of oVer 1000 h.p« has not develop- 
ed as rapidly as the smaller engines, hut they have proved to 
be a oommercial success. In larger sizes the Diesel engine 
has to compete with steam and gas engines. The latter of whi- 
ch has caused to retard the development to a great extent. 

The smaller and medium Diesel engines in sizes 40 h.p. In 
single cylinder units, and up to ahout 600 h.p. in four-stroke 
cycle iinitSypiay a vastly more Important part in Europe. 

Zt has uncLuestionahly come to stay, and has reached a high 
degree of perfection which places it right in line with cor- 
responding steam and gas engine plants as far as rellahllity 
and cost of operation are concerned, and far ahead of its com- 
petitors when considered from the standpoint of fuel economy. 

It is surprising to note how many manufactures of gas and 
steam engines abroad have taken up the manufacture of the 
Diesel engine ,heoause they found that the sale of suction gas 
producer plants has fallen off alaimlngly within the last few 
years. The reason is plain. The single-acting, four-stroke 
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cycle engine, 8 Ingle or multi-cylinder Diesel engine, Dut par- 
ticularly the fonier,ls comparatively simple In construction 
and operation, especially wnen Its unequaled efficiency Is con- 
sidered. THIS engine Is always ready to l)e put In service 
at a moments notice and Has no stand-l^ losses; It does not re- 
q^ulre up-lceep and attendance of boilers and gas producers , and 
Its cost compared wltH that of steam Is reasonable. It can be 
Installed In the basements of buildings below occupied dwell- 
ings, whereas In Europe boilers are not permitted In such pla- 
ces. One of the greatest advantages Is the fact that the ac- 
tual fuel consumption of Diesel engines, taken over long periods 
of operation, does not exceed the guaranteed figures, whereas, in 
gas producer and steam plants this excess Is quite considera- 
ble. In a Diesel plant the slclll of the operator must have 
much less Influence upon the fuel economy than In steam or 
gas producer plants where everything depends upon the effi- 
ciency and Intelligence of the fireman and producer attenant^ 

It is evident that In Europe where fuel prices are from two 
to three times higher than In this country , while labor is only 
one-half to one-third as much, the item of fuel cost constitutes 
a very large percentage of the total cost of power, particul- 
arly since the other items, such as Interest and depreciation, 
attendance and repairs, are actually much lower and thus form a 
still smaller percentage of the total cost. Taking all points 
Into account it is seen that the Diesel engine Is entirely fa- 
vorable for European countries ,which fact has brought about 
the rapid and wonderful development of the Diesel engine. 
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THE DIESEL ENGINE IH AMERICA. 
Wby the Diesel engine Has not Deen used more extensively In 
this Country Is a cLuestlon often raised. Although there are 
more of these Installations than generally supposed « the numher 
of Diesel engine plants Is comparatively small, Hany have 
tried to account for this hy asserting that woriananshlp here 
Is Inferior to that In Europe and that the operators are less 
slcllled. Dr. Diesel, however ^during his visit to Aiterlca In 
I9I2»refuted this statement. He claimed that the Diesel en- 
gines hullt In this country ^after having passes the necessary 
apprenticeship stage, are quite as good as those of iraropean 
maJces; furthermore, they cure handled Intellgently, In his op- 
inion, the question Is purely economic. The following are Dr. 
Diesel's reasons for imerlca helng so far behind Europe In 
the development of the Diesel engines: 

(a)*Coal Is much cheaper than In Europe, and therefore, 
people are more wasteful with It. Iherea8,the leading 
Idea In America la economy In first cost. The word effi- 
ciency, which Is the hase of every contract with European 
people, seems to he unlmown to . a vast proportion In this co- 
untry ;not to engineers , hut to business men and to buyers 
of engines. * 

(h)"ln the same order of Ideas, American steam engines 
are much cheaper than European engines, hut the Diesel eng- 
ine Is not and will not he a cheap engine; It alms to he the 
best engine and must be constructed of the highest class 
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of materials with the most strilled worlonanshlp. This ma- 
kes It difficult for It to compete with this type of en- 
gine under the Ideas which prevail. The people here are 
accustomed to engines of very low price, taken per pound, 
and the price of Diesel eziglnes taken per pound seems ex- 
orbitant. ■ 

(c) "The lack of capital on the part of the prospective 
purchaser In many cases »and also In many cases the higher 
rate of capital Interest prevailing In the American money 
markets. * 

(d) * In the last few decades the general huslness prof- 
its have heen so large that people do not care for most 

economical aethods of production and for the strictest 
economy in the fuel hill as well as other expenses, the 
ruling object having heen to manufacture (juickly and in 
cLuantltles without regard to cost. imerlca has not had 
to compete with the industrial countries of the world, as 
Europe has.* 

Prom these reasons it is seen that the iduerican people pa- 
id vexy little attention to efficiency. Within the past tw> 
or three years .however, conservation and ef ficiency have heen 
impressed upon ifterlcan public to such an extent that it is 
reasonable to assume that more attention will hereafter be gi- 
ven to economy in production. This will undoubtedly open 
the field for the Diesel engine in this coTmtry,for the pos- 
sibilities of development are nowhere any greater than they 
are in America. 
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